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Abstract
Background & Aims: The evolution of SARS-CoV-2 from its inception created a need for phyloepidemiological approaches to
provide unanswered questions regarding the viral emergence and evolvement of various mutated strains. Unfortunately, there is an
absolute dearth of information on the evolution of the delta variant strain in Nigeria. This study investigated the phyloepidemiology
of the delta variant of SARS-CoV-2 in Nigeria.
Materials & Methods: A total of 33 complete genomic sequences of the SARS-CoV-2 delta variant (B.1.617.2) from Nigeria, India,
United Arab Emirates (UAE), United States of America (USA), Canada, United Kingdom (UK), China, and the reference sequence
were retrieved from the GISAID EpiFlu™ on the 11th of August 2021. The sequences were selected based on the most visited tourist
destinations of Nigerians (USA, UK, China, UAE, India, and Canada). The evolutionary history was inferred using the maximum
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likelihood method based on the general time-reversible model. Finally, a phylogenetic tree was constructed to determine the common
ancestor of each sequence.
Results: The phylogenetic analysis revealed that the delta strain in Nigeria clustered in a monophyletic clade with other Nigeria
strains with its root from the reference Wuhan sublineage. Nucleotide alignment also showed a 99% similarity indicating a common
origin of evolution.
Conclusion: Our findings revealed that the current outbreak of the delta variant of SARS-CoV-2 infection in Nigeria stemmed from
a genetic mutation that shared a consensus similarity with the reference SARS-CoV-2 human genome from Wuhan and was not
imported from other countries as widely reported.
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Introduction

cough and loss of taste or smell like the most common

Severe Acute Respiratory Syndrome Coronavirus 2

symptoms (5).

(SARS-CoV-2) has been rapidly evolving in the form

Phyloepidemiological approaches have provided

of new variants. At least eleven known variants have

specific insight into understanding the emergence and

been reported (1).

evolution of infection (6).

SARS-CoV-2, like other viruses, keeps mutating, a

The evolution of SARS-CoV-2 from its inception

process in which genetic information of the virus

created a need for phyloepidemiological approaches to

changes because of repeated copying errors. These

provide unanswered questions regarding the viral

mutations result in new variants, some of which can

emergence and evolvement of various mutated strains.

spread more quickly or cause more severe symptoms of

Unfortunately, there have been no reports on the

covid-19 disease and a higher fatality rate (2).

evolution of the delta variant of SARS-CoV-2 in

The Delta variant (Phylogenetic Assignment of

Nigeria. Thus, the study objective was to investigate

Named Global Outbreak (Pango) lineage designation

the phyloepidemiology of the delta variant of SARS-

B.1.617.2), first detected in India, was designated a

CoV-2 in Nigeria.

variant of concern by the World Health Organization

Materials & Methods

(3). Much focus has turned to the Delta variant, which
was first detected in India and has recently increased in

Retrieval of Nucleotide Sequence and Alignment

prevalence globally (4).

tool:

The Delta variant currently seems to be displacing

A total of 33 complete genomic sequences of

all other variants, including the highly dominant and

SARS-CoV-2 delta variant B.1.617.2 lineage and that

contagious Alpha variant, in numerous countries across

of reference SARS-CoV-2 were retrieved from the

the globe (4).

GISAID

(http://www.epicov.org)

and

NCBI

(http://www.ncbi.nlm.nih.gov) respectively on the 11th

The spike protein mutations make the Delta variant
the "fastest and fittest" variant yet, according to the

of August 2021.

WHO. The disease caused by this variant might also

Sequences retrieved were those from Nigeria,

exhibit different symptoms than other viral mutations.

China, India, USA, UAE, UK, and Canada based on

Those with the Delta variant often complain of

the travel history of Nigerians and location of the first

headaches, sore throat, and a runny nose, replacing

detection of SARS-CoV-2 delta variant B.1.617.2
lineage (Table 1).
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Table 1. Characteristics of the SARS-CoV-2 delta variant B.1.617.2 lineage genomic sequences retrieved for this
study
Country

Accession no

Date of collection

Nigeria

EPI_ISL_3314967

20/07/2021

Nigeria

EPI_ISL_3314971

18/07/2021

Nigeria

EPI_ISL_3314972

17/07/2021

Nigeria

EPI_ISL_3314961

19/07/2021

Nigeria

EPI_ISL_3314963

21/07/2021

India

EPI_ISL_3315877

05/2021

India

EPI_ISL_3315881

05/2021

India

EPI_ISL_3315879

05/2021

India

EPI_ISL_3315878

05/2021

India

EPI_ISL_3315880

05/2021
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UAE

EPI_ISL_3048171

23/06/2021

UAE

EPI_ISL_3048168

23/06/2021

USA

EPI_ISL_3332190

02/08/2021

USA

EPI_ISL_3332192

02/08/2021

USA

EPI_ISL_3332354

23/07/2021

USA

EPI_ISL_3332352

20/07/2021

USA

EPI_ISL_3332191

01/08/2021

Canada

EPI_ISL_3255959

24/06/2021

Canada

EPI_ISL_3255960

24/06/2021

Canada

EPI_ISL_3256972

05/06/2021

Canada

EPI_ISL_3255938

24/06/2021

Canada

EPI_ISL_3255961

25/06/2021

UK

EPI_ISL_3314942

31/07/2021

UK

EPI_ISL_3314943

31/07/2021

UK

EPI_ISL_3314944

26/07/2021

UK

EPI_ISL_3314945

28/07/2021

UK

EPI_ISL_3314941

31/07/2021

China

EPI_ISL_3305848

17/07/2021

China

EPI_ISL_3305850

18/07/2021

China

EPI_ISL_3305852

19/07/2021

China

EPI_ISL_3305851

18/07/2021

China

EPI_ISL_3305849

17/07/2021

China

NC_045512.2

50% of bootstrap replicates are collapsed. The
percentage of replicate trees in which the associated
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Evolution analysis:
Multiple sequence alignment was done to obtain the

taxa clustered together in the bootstrap test (100

conserved and polymorphic regions using MAFFT

replicates) are shown next to the branches. Initial

(http://www.mafft.cbrc.jp/alignment) and CLUSTAL

tree/trees for the heuristic search was/were obtained

W on MEGA X. An evolutionary divergence analysis

automatically by applying Neighbor-Join and BioNJ

was done, and a phylogenetic tree was constructed to

algorithms to a matrix of pairwise distances estimated

determine the common ancestor of B.1.617.2 strain

using the Maximum Composite Likelihood (MCL)

from different locations and comparative analysis of

approach and then selecting the topology with a

strain in different clades.

superior log-likelihood value. A discrete Gamma
distribution was used to model evolutionary rate

Results

differences among sites (5 categories (+G, parameter =

Evolutionary History:

0.0746)). The rate variation model allowed for some

The evolutionary history was inferred by using the

sites to be evolutionarily invariable ([+I], 60.69%

Maximum Likelihood method and the General Time

sites). This analysis involved 33 nucleotide sequences.

Reversible model. The bootstrap consensus tree

Codon

inferred from 50 replicates is taken to represent the

1st+2nd+3rd+Noncoding. All positions containing gaps

evolutionary history of the taxa analyzed. Branches

and missing data were eliminated (complete deletion

corresponding to partitions reproduced in less than

option). There were a total of 25,836 positions in the
52

positions

included

were
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final dataset Sequence. The maximum likelihood tree is

The result showed that three strains from Nigeria

shown in Figure 1.

formed a clade with more than 70% similarity,
although two others were outgroups.

Fig. 1. Maximum Likelihood Tree of Delta variant of SARS-CoV-2. Sequences were aligned using MAFFT and tree
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reconstruction using MEGA 5.0

Discussion

new variants, thereby ensuring its survival, and

The pattern of SARS-CoV-2 genetic mutations to

contributing to its transmissibility and virulence. The

variants of concern (VOC) within a population

new variants have been classified by the United States

provides more insight into adopting a better approach

Center

to managing Covid-19 through prevention of the spread

depending upon transmissibility and disease severity,

of infection and appropriate vaccination programs.

to a variant of concern (VOC) or variant of interest

Reports on genetic mutations of SARS-CoV-2,

(VOI). The delta variant (B.1.617.2) of SARS-CoV-2

particularly its spike protein genes, to new variants

is a variant of concern that has been shown to be

since the virus was first detected have been

associated with high transmissibility estimated to be

documented (7-9). As peculiar to many RNA viruses,

about 60% more than the alpha variant of SARS-CoV-

SARS-CoV-2 exploits various mechanisms to produce

2 (10). The alpha variant, in turn, is more transmissible
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for

Disease

Control

(US-CDC)

(2021),
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Conclusion

than the wild-type SARS-CoV-2 [11]. Furthermore,
mutations in the spike protein genes of delta variant

In summary, based on evolutionary analysis, it can

confer on it partial immune escape (12), and this has

be inferred that the delta variant (B.1.617.2) of SARS-

been linked with disease severity associated with

CoV-2 detected in Nigeria stemmed from a genetic

infection by this variant.

mutation of a pre-existing variant of the virus in the

Multiple sequence analysis and phylogeny of

country.

SARS-CoV-2 delta variant (B.1.617.2) in this study

Evolutionary study of the origin of this variant

show that three out of five taxa from Nigeria are in the

could benefit its biological study and establishment of

same clade. Although there are two out-groups, none of

interventions to control its transmission.

the taxa from Nigeria forms a clade with those of the

Acknowledgments

sequences from other countries that were studied.
Additionally, phylogeny reveals that one of the out-

Unparalleled gratitude to every individual who

groups is a close relative to the three taxa that formed a

contributed to the success of the research.

clade. Sequences of all the taxa show significant

Funding

similarities with the reference sequence from Wuhan,
where the virus was first detected.

This research did not receive any specific grant

Cases of delta variant of SARS-CoV-2 infection in

from funding agencies in the public, commercial or

Nigeria were believed to have stemmed from a single

not-for-profit sectors.

introduction of this variant into the country through a

Authors' Contributions

traveler from India. However, our study shows that the

FO, and EI, planned the work and retrieved the data

delta variant of SARS-CoV-2 in Nigeria arose from

needed for the study. Then, EI, FO, constructed the

mutation of existing variants and was not an imported

phylogenetic tree. Finally, FO and EI composed the

case. This is consistent with studies that revealed

article. Both authors thoroughly read and approved the

mutation of SARS-CoV-2 to VOC and VOI in other

final manuscript.

countries (7).

Conflict of interest

Reports on genetic mutation in the spike protein of
SARS-CoV-2 with resultant evolution of the delta

There are no conflicts of interest.

[ Downloaded from ijrabms.umsu.ac.ir on 2022-10-02 ]

variant, creating the second wave of COVID-19 in
India (13). The evolution of new variants through

References

genetic mutation, such as the alpha variant (B.1.1.7) in

1. Kannan SR, Spratt AN, Cohen AR, Naqvi SH, Chand HS,

the United Kingdom, Beta (B.1.135) in South Africa,

Quinn TP, Lorson CL, Byrareddy SN, Singh K.

Gamma (P.1) in Brazil, has been reported (14). In the

Evolutionary analysis of the Delta and Delta Plus

United States of America, there have been reported

variants of the SARS-CoV-2 viruses. J Autoimmun

cases of the evolution of new variants of SARS-CoV-2

2021;124:102715.

(15).

2. Alexandar S, Ravisankar M, Kumar RS, Jakkan K. A

On the contrary, this study also revealed that

comprehensive review on Covid-19 Delta variant. Int J

sequences from the USA and China produced a clade

Clin Pharm Clin Res 2021;5:83-5.

with 100% sequence similarities. Additionally, one

3. World Health Organization (WHO). Tracking SARS-CoV-

other sequence from the USA is in the same clade with

2 variants. Geneva: WHO. [Accessed: 1 Nov 2021].

three others from India. This buttresses the report of

Available

Kannan et al. (2021) that the delta variant may have

https://www.who.int/en/activities/tracking-SARS-CoV-

initially been imported to the USA (1).

2-variants

54

from:

Phyloevolutionary analysis of delta variant of sars-cov 2 in Nigeria

Emmanuel S. Irokosu, et al

4. Stern A, Fleishon S, Kustin T, Mandelboim M, Erster O,

Rawlinson C, Lopez-Bernal J. Household transmission

Mendelson E, Mor O, Zuckerman NS. The unique

of COVID-19 cases associated with SARS-CoV-2 delta

evolutionary dynamics of the SARS-CoV-2 Delta

variant (B. 1.617. 2): a national case-control study.

variant. Med Rxiv 2021;1-20.

Lancet Reg Health Eu 2021 Oct 28:100252.

5. Manavi K. How dangerous are Covid-19 Delta and Delta

11. Grint DJ, Wing K, Williamson E, McDonald HI,

Plus variants? — Quartz India [Internet]. 2021 [cited

Bhaskaran K, Evans D, Evans SJ, Walker AJ, Hickman

2022

from:

G, Nightingale E, Schultze A. Case fatality risk of the

https://qz.com/india/2024190/how-dangerous-are-covid-

SARS-CoV-2 variant of concern B. 1.1. 7 in England, 16

19-delta-and-delta-plus-variants/

November

May

18].

Available

6. Awoyelu EH, Oladipo EK, Adetuyi BO, Senbadejo TY,

to

5

February.

Eurosurveillance

2021;26(11):2100256.

Oyawoye OM, Oloke JK. Phyloevolutionary analysis of

12. McCallum M, Bassi J, Marco AD, Chen A, Walls AC,

SARS-CoV-2 in Nigeria. New Microbes New Infect

Iulio JD, et al. SARS-CoV-2 immune evasion by variant

2020;36:100717.

B.1.427/B.1.429. bioRxiv 2021;2021.03.31.437925.

7. Cherian S, Potdar V, Jadhav S, Yadav P, Gupta N, Das M,

13. Potdar V, Vipat V, Jadhav S, Saha U, Jadhav SY,

et al. SARS-CoV-2 spike mutations, L452R, T478K,

Bhardwaj S, Choudhary ML, Cherian S, Abraham P.

E484Q, and P681R, in the second wave of COVID-19 in

Detection of SARS-CoV-2 variants in India from UK

Maharashtra, India. Microorganisms 2021;9(7):1542.

returnees. Infection 2021:1-5.

8. Li B, Deng A, Li K, Hu Y, Li Z, Shi Y, et al. Viral

14. Harvey WT, Carabelli AM, Jackson B, Gupta RK,

infection and transmission in a large, well-traced

Thomson EC, Harrison EM, Ludden C, Reeve R,

outbreak caused by the SARS-CoV-2 Delta variant. Nat

Rambaut A, Peacock SJ, Robertson DL. SARS-CoV-2

Commun 2022;13(1):460.

variants, spike mutations, and immune escape. Nat Rev

9. Zeng C, Evans JP, Faraone JN, Qu P, Zheng YM, Saif L,
Oltz

EM,

Lozanski

G,

Gumina

RJ,

Liu

Microbiol 2021;19(7):409-24.

SL.

15. Wang P, Casner RG, Nair MS, Wang M, Yu J, Cerutti G,

Neutralization of SARS-CoV-2 Variants of Concern

Liu L, Kwong PD, Huang Y, Shapiro L, Ho DD.

Harboring Q677H. Mbio 2021;12(5):e02510-21.

Increased resistance of SARS-CoV-2 variant P. 1 to

10. Allen H, Vusirikala A, Flannagan J, Twohig KA, Zaidi A,

antibody

Chudasama D, Lamagni T, Groves N, Turner C,

neutralization.

Cell

Host

2021;29(5):747-51.

Copyright © 2022 Journal of Research in Applied and Basic Medical Sciences

[ Downloaded from ijrabms.umsu.ac.ir on 2022-10-02 ]

This is an open-access article distributed under the terms of the Creative Commons Attribution-noncommercial 4.0 International License which permits copy

Powered by TCPDF (www.tcpdf.org)

and redistribute the material just in noncommercial usages, provided the original work is properly cited.

55

Microbe

